ABSTRACT. The State of Rio Grande do Sul (RS) stands out as the largest wheat producer in Brazil. Wheat is the most emphasized winter cereal in RS, attracting public and private investments directed to wheat genetic breeding. The study of genetic progress should be performed routinely at breeding programs to study the behavior of cultivars developed for homogeneous regions of cultivation. The objectives of this study were: 1) to evaluate the genetic progress of wheat grain yield in RS; 2) to evaluate the influence of cultivar competition trial stratification in homogeneous regions of cultivation on the study of genetic progress. Grain yield data of 122 wheat cultivars evaluated in 137 trials arranged in randomized block design with three or four replications were used. Field trials were carried out in 23 locations in RS divided into two homogeneous regions during the period from 2002 to 2013. Genetic progress for RS and homogeneous regions was studied utilizing the method proposed by Vencovsky. Annual genetic progress for wheat grain yield during the period of 12 years in the State of RS was 2.86%, oscillating between homogeneous regions of cultivation. The difference of annual genetic progress in region 1 (1.82%) in relation to region 2 (4.38%) justifies the study of genetic progress by homogeneous regions of cultivation.
ABSTRACT. The State of Rio Grande do Sul (RS) stands out as the largest wheat producer in Brazil. Wheat is the most emphasized winter cereal in RS, attracting public and private investments directed to wheat genetic breeding. The study of genetic progress should be performed routinely at breeding programs to study the behavior of cultivars developed for homogeneous regions of cultivation. The objectives of this study were: 1) to evaluate the genetic progress of wheat grain yield in RS; 2) to evaluate the influence of cultivar competition trial stratification in homogeneous regions of cultivation on the study of genetic progress. Grain yield data of 122 wheat cultivars evaluated in 137 trials arranged in randomized block design with three or four replications were used. Field trials were carried out in 23 locations in RS divided into two homogeneous regions during the period from 2002 to 2013. Genetic progress for RS and homogeneous regions was studied utilizing the method proposed by Vencovsky. Annual genetic progress for wheat grain yield during the period of 12 years in the State of RS was 2.86%, oscillating between homogeneous regions of cultivation. The difference of annual genetic progress in region 1 (1.82%) in relation to region 2 (4.38%) justifies the study of genetic progress by homogeneous regions of cultivation.
INTRODUCTION
Wheat (Triticum aestivum L.) was introduced in Brazil by the colonizers and the development of new varieties began in 1914. Since then, wheat grain yield values were rising, demonstrating the efficiency of breeding programs in developing cultivars with high-yield potential and grain quality. This progress occurred due to the pursuit of breeding programs for genotypes with better agronomic traits, such as resistance to major diseases and baking quality (Federizzi et al., 2005) .
In the State of Rio Grande do Sul (RS), the area of 1,030,200 hectares was sown with wheat during the 2013 agricultural year. The RS highlighted as the largest wheat producer in Brazil with production of 2,503,400 ton. This production was greater than half of the Brazilian wheat production, which corresponded to 4,955,200 ton for the 2013 agricultural year (CONAB, 2013) .
Researches related to wheat genetic breeding in Brazil began about 100 years ago with breeding programs in RS. Currently, these researches continue to be highlighted due to the presence of wheat-breeding companies in RS, with the constant release of cultivars (Souza and Caierão, 2014) .
The study of genetic progress is a method of evaluating the efficiency of these breeding programs (Borges et al., 2009) . The genetic progress estimation with cultivar yield trials already performed was proposed initially for maize by Vencovsky et al. (1988) , being considered an efficient and practical method because it takes advantage of trials already carried out (Faria et al., 2007) . The same methodology based on the method of generalized least squares provides the study of genetic gain balance of the breeding program (Cruz, 2001) .
Genetic progress studies have been performed with wheat (Nedel, 1994; Rodrigues et al., 2007; Cargnin et al., 2008; Oury et al., 2012; Beche et al., 2014; Thomas and Graf, 2014; Wu et al., 2014; Gummadov et al., 2015) and cereals from the same wheat family, including oat (Barbosa Neto et al., 2000; Redaelli et al., 2008) and rice (Borges et al., 2009; Breseghello et al., 1999 Breseghello et al., , 2011 DoVale et al., 2012) . It is assumed that there was genetic progress for wheat grain yield in RS influenced by homogeneous regions of cultivation.
Thus, the objectives of this study were: 1) to evaluate the genetic progress of wheat grain yield in RS; 2) to evaluate the influence of cultivar competition trial stratification in homogeneous regions of cultivation on the study of genetic progress.
MATERIAL AND METHODS
Grain yield data, in kg/ha, of 137 wheat (Triticum aestivum L.) cultivar competition trials were used. Field trials were carried out in 23 locations in RS divided into two Results of wheat cultivar trials carried out in locations of RS by public and private institutions were published annually in these documents (Table 1 ). All trials were carried out using the randomized block design arranged with three or four replications. The experimental units consisted of five rows with 5 m long and spacing 0.20 m, with an area of 5.0 m 2 . During the period, 122 cultivars were evaluated in 137 cultivar competition trials.
The calculation of genetic progress was performed for the State of RS and the two homogeneous regions of cultivation. Region 1 was composed by the following locations: Capão do Leão, Caxias do Sul, Coxilha, Cruz Alta, Encruzilhada do Sul, Hulha Negra, Júlio de Castilhos, Não-me-Toque, Palmeira das Missões, Passo Fundo, Pelotas, Sertão, and Vacaria. Meanwhile, region 2 was composed by the following locations: Augusto Pestana, Cachoeira do Sul, Eldorado do Sul, Giruá, Ijuí, Independência, Santo Augusto, São Borja, São Luiz Gonzaga, and Três de Maio.
Trials were designed to generate information for recommendation of cultivars with better performance on exposure to different growing environments. Cultivars with unsatisfactory performance were discarded and replaced by others, supposedly with greater yield potential. Cultivars that exhibited proper performance were maintained for evaluation in the following year.
The methodology proposed by Vencovsky et al. (1988) was used in order to study the genetic progress. This methodology is based on the data generated in the regional cultivar trials. Moreover, it is intended to obtain genetic gain estimates, being the genetic progress balance performed by the method of generalized least squares (Cruz, 2001) .
Thus, initially rates of included (I), deleted (D), maintained (M), and renewed (R) cultivars in the trials were estimated in % by the following formulas:
where I = number of cultivars included in the following year; D = number of cultivars deleted in the previous year; M = number of cultivars maintained from one year to another; and R = renewal of cultivars (Cruz, 2001) . Following, genetic gain was estimated in every 2 years, with the linear regression model proposed by Vencovsky et al. (1988) , consisting of:
where Ĝg = Estimate of genetic gain. ӯ1 = Overall mean of cultivars in the trial of year 1. ӯ2 = Overall mean of cultivars in the trial of year 2. ӯc1 = Overall mean of common cultivars in the trial of year 1. ӯc2 = Overall mean of common cultivars in the trial of year 2.
In this methodology, the gross difference is obtained by ( 2 -1) y y and the environmental difference is obtained by ( 2 -1) yc yc . Thus, the genetic gain estimate is obtained by the gross difference minus environmental difference (Vencovsky et al., 1988) .
Subsequently, the genetic progress balance was determined by the method of generalized least squares, as described in Cruz (2001) . Genetic gain mean of the period ( ) Gg µ (was obtained in kg⋅ha -1 ⋅year -1 for grain yield. Then, the percentage of annual genetic progress was calculated by the formula: For statistical analysis, the Microsoft Office Excel application and Genes software (Cruz, 2013) were used.
RESULTS AND DISCUSSION
Wheat cultivar evaluation trials carried out during the 12-year period in the State of RS presented balanced distribution among locations, with variation of number of trials per year from 9 (2006) to 13 (2009 and 2013) . Moreover, the proper distribution of trials demonstrates that the database is suitable ( Table 2 ). The locations that most contributed with presence of trials during the study period (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) were: São Borja and Vacaria (12 years) Cruz Alta, Júlio de Castilhos, and Passo Fundo (11 years), Coxilha and Santo Augusto (10 years). The same balance was not observed for irrigated rice in trials conducted in Minas Gerais, being the variation of one to four trial locations per year (DoVale et al., 2012) .
Means of inclusion (20.9%), deletion (21.8%), and renewal rates (27.0%) of cultivars during the period from 2002 to 2013 were relatively lower than the maintenance rate (57.3%) ( Table 3 ). The maintenance rate of cultivars was similar in comparison to the values found in genetic progress studies on wheat with 52% (Cargnin et al., 2008) and 58% with rice (DoVale et al., 2012) .
The overall grain yield mean, i.e., considering all locations and years was 3362.65 kg/ ha. Grain yield difference between the two homogeneous regions was 105.12 kg/ha. Region 1 exhibited an average yield of 3395.52 kg/ha and region 2 showed relatively lower grain yield mean, i.e., 3290.4 kg/ha (Table 4 ). These grain yields were relatively greater than the mean of 2430 kg/ha obtained in the State of RS during the 2013 agricultural year (CONAB, 2013), which evidenced the good performance of cultivars in the trials. The lowest grain yield means were observed in 2002, corresponding to 2288.83 kg/ ha for region 1, 1922.96 kg/ha for region 2, and 2142.48 kg/ha for RS (Table 4) . On the other hand, greater grain yield means were observed in 2013, corresponding to 4956.77 kg/ha for region 1, 4653.43 kg/ha for region 2, and 4843.38 kg/ha for RS. The grain yield increases were not constant in time, oscillating among agricultural years, as during 2011 compared to 2012, where the grain yield reductions were 1382.08 kg/ha for region 1, 568.68 kg/ha for region 2, and 1126.11 kg/ha for RS. These oscillations demonstrate the environmental influence on grain yield in wheat. This fact is justified because the grain yield is a quantitative trait, controlled by many genes, making the trait greatly influenced by the environment (Cruz, 2005) , where the environment controls gene expression (Taiz and Zeiger, 2013) .
The genetic progress for the grain yield of wheat cultivars during the period from 2002 to 2013 was 61.36 kg⋅ha -1 ⋅year -1 (2.86%) for the State of RS. Moreover, it was 41.54 kg⋅ha -1 ⋅year -1 (1.82%) for region 1 and 84.13 kg⋅ha -1 ⋅year -1 (4.38%) for region 2 (Table 5 ). The genetic progress for the State of RS was superior to those obtained in studies carried out in southern Brazil, with genetic progress of 17.3 kg⋅ha -1 ⋅year -1 (Nedel, 1994) , 44.9 kg ha -1 year -1 (Rodrigues et al., 2007) , and 29 kg⋅ha -1 ⋅year -1 (Beche et al., 2014) . Furthermore, it was also greater than the value of 58 kg⋅ha -1 ⋅year -1 found in Turkey by Gummadov et al. (2015) . On the other hand, it was lower than those values obtained in studies carried out in Romania with 69 kg⋅ha -1 ⋅year -1 (Marinciu et al., 2013) and China with 66 kg⋅ha -1 ⋅year -1 (Wu et al., 2014) . It should be emphasized that these values are greater than those found in this study because probably the germplasm bank and crop characteristics explain some of these differences.[
(1) Region 1 was composed by the following locations: Capão do Leão, Caxias do Sul, Coxilha, Cruz Alta, Encruzilhada do Sul, Hulha Negra, Júlio de Castilhos, Não-me-Toque, Palmeira das Missões, Passo Fundo, Pelotas, Sertão, and Vacaria.
(2) Region 2 was composed by the following locations: Augusto Pestana, Cachoeira do Sul, Eldorado do Sul, Giruá, Ijuí, Independência, Santo Augusto, São Borja, São Luiz Gonzaga, and Três de Maio. Including all locations of regions 1 and 2. Wheat cultivar trials stratified into homogeneous regions of cultivation exhibited satisfactory results, since the genetic progress during the period from 2002 to 2013 for RS was 2.4 times greater for region 2 in relation to region 1 (4.38/1.82% = 2.4). Thus, it can be suggested that wheat-breeding programs should improve breeding techniques and selection for region 1. This fact justifies the study of genetic progress in homogeneous regions of wheat cultivation in the RS. In wheat, genetic progress studies indicated differentiated results between growing regions (Wu et al., 2014) . The authors obtained progress variation of 20 to 103 kg⋅ha -1 ⋅year -1 , with this difference associated with investments in distinguished research by wheat cultivation regions in China.
Stratification of the genetic progress study in homogeneous regions of performing trials is a promising method for better characterization of breeding programs. This stratification allows the release of specific cultivars for homogeneous regions of cultivation. Therefore, it is suggested that in the State of RS, the greatest efforts of breeding companies in the release of cultivars with high-yield potential adapted to growing regions should focus on homogeneous region 1.
CONCLUSION
Annual genetic progress for wheat grain yield during the period of 12 years in the State of RS was 2.86%, oscillating between homogeneous regions of cultivation. The difference of annual genetic progress in region 1 (1.82%) in relation to region 2 (4.38%) justifies the study of genetic progress by homogeneous regions of cultivation.
